ABSTRACT The problems associated with pulmonary aspergilloma were assessed retrospectively in 23 patients presenting from 1953 to 1982. Haemoptysis occurred in over half the patients and in two it was fatal. Invasive aspergillosis occurred in five patients, a higher proportion than in earlier reports, and two of these died. Amphotericin B in combination with either flucytosine or natamycin and, more recently, ketoconazole have proved useful in the treatment of this condition.
Species of aspergillus fungi are found throughout the world in decaying vegetation and soil, and its spores are ubiquitous in rural and urban environments. The first report of pulmonary aspergillosis in man appeared in 1842' and several patterns of the disease have since been recognised,2 ranging from colonisation of damaged lung tissue by the fungus to invasive or necrotising pulmonary aspergillosis. 3 The most distinctive lesion is the aspergilloma,4 which forms when the fungus grows on the wall of a lung cavity and mycelium and debris become detached to form a concretion of amorphous material containing tangled septate hyphae and altered blood elements.
The natural history of pulmonary aspergilloma is poorly documented and there is no general agreement on the best form of management. This report analyses the treatment and outcome of all cases seen at the Northern General Hospital, Edinburgh, during the past 30 years.
Patients
Twenty-three patients with aspergilloma were studied in the period 1953-82. The criteria for a diagnosis of aspergilloma consisted of the classical radiological sign of an intracavitary mass with a surrounding crescent of air and either a positive result in the aspergillus precipitin test, a sputum culture positive for aspergillus, or (in most cases) both.
The patients ranged in age from 40 to 81 years, with a mean of 59 years. There were 11 men and 12
women and the follow-up period varied from four months to 30 years, with a mean of 4.5 years.
Results

PREDISPOSING CONDITIONS
The commonest predisposing condition was pulmonary tuberculosis, which accounted for over twothirds of the cases; other conditions included ankylosing spondylitis, rheumatoid arthritis, ulcerative colitis, pulmonary sarcoidosis, postradiation fibrosis, lung abscess and bronchiectasis ( Serum from all 23 patients was tested for A fumigatus precipitins and a positive result was obtained in 20. Of the three patients with a negative result in the precipitin test, two were on long-term corticosteroid treatment and A fumigatus was cultured from the sputum; the third developed a mycetoma with a species of Penicillium and will be the subject of a later communication.
Skinprick tests were carried out in 16 patients with a 5% solution of an aqueous extract of A fumigatus (Bencard); 13 showed positive reactions, with a wheal of more than 3 mm in diameter. A non-specific finding was a raised gammaglobulin level in over half the patients tested.
COMPLICATIONS
Haemoptysis occurred in 12 patients. Nine experienced recurrent haemoptysis that was slight (less than 150 ml in 24 hours) and subsided spontaneously. Three patients had major haemoptysis (more than 500 ml in 24 hours). One died at home; another, considered unfit for surgery, died within six hours of admission to hospital; and the third apparently responded to injections of vitamin K after he had been found to have a reduced prothrombin conRafferty, Biggs, Crompton, Grant centration. Only one of these patients had a previous history of haemoptysis.
Invasive pulmonary aspergillosis developed in five patients. This diagnosis was made when progressive pulmonary shadowing was noted in the absence of bacterial infection and mycelial elements were present in the sputum. In four of these patients an aspergilloma was known to be present before the development of this complication. In the other patient an aspergilioma was noted within the wider area of consolidation at the time of presentation. Three patients recovered after specific antifungal treatment and two died within 24 hours of admission. Postmortem examination confirmed the diagnosis in both patients, one of whom had evidence of systemic spread of the disease.
A more common but less specific complication, which occurred in 17 patients, was recurrent cough productive of dark green purulent sputum. Although many patients had underlying lung disease to account for this, A fumigatus was the predominant organism found on culture of the sputum in over half of these cases. Three patients developed terminal respiratory failure as a result of underlying chronic lung disease and one as a consequence of myasthenia gravis (table 1) .
TREATMENT AND OUTCOME The treatment of the 23 patients varied widely and included antibacterial drugs, antifungal drugs, and surgery (table 3) . Antifungal treatment included, either singly or in combination, natamycin by inhalation, clotrimazole, and ketoconazole by mouth and amphotericin, flucytosine (5FC), and econazole by intravenous infusion. None of these treament regimens reduced the size of the aspergilloma, but in some cases they relieved troublesome cough and haemoptysis. The mortality in treated and untreated patients was similar. Patients with purulent sputum were often given antibacterial chemotherapy initially, but if A fumigatus was found to be the predominant pathogen treatment with a specific antifungal agent was usually substituted. were also treated with antifungal drugs. In all three survivors the chemotherapy included amphotericin or ketoconazole. Two patients were treated surgically, both for recurrent haemoptysis. The first developed a chronic empyema and the second died from respiratory failure in the postoperative period, having developed a bronchopleural fistula.
In the whole group of 23 patients five deaths were directly attributable to the aspergilloma. Two of these were due to invasive aspergillosis and two to massive haemoptysis, and one followed surgery for recurrent haemoptysis. Three patients died from respiratory failure, two from bronchial carcinoma, one from intestinal malabsorption, and two at home from unknown causes. Seven are currently alive and the remaining three have been lost to follow-up.
Discussion
The reasons why the natural history of intracavitary aspergilloma is poorly documented are that it is an uncommon disease and that the outcome is so often related to underlying non-specific pulmonary pathology. The most common predisposing condition in our patients was tuberculosis. This is in keeping with the findings of the British Tuberculosis Association, which in 1968 reported the development of an aspergilloma in 15 % of persisting (sputum-negative) cavities larger than 2*5 cm, the highest incidence being found in cavities of 7-11 years' duration. 5 Most patients have a chronic productive cough and occasionally develop the systemic features of fever, malaise, and weight loss. It is difficult to know whether these symptoms are due to the aspergilloma or to coexisting bacterial infection. Davies and Somner suggested that such symptoms may be due to a hypersensitivity reaction to aspergillus.6 This is supported by the similarity of the pattern of cytophilic antibodies found in these patients and in those with allergic bronchopulmonary aspergillosis.7
Haemoptysis, a well-recognised complication of aspergilloma, occurred in over half of our patients. Of these, only two succumbed from massive bleeding. The frequency and severity of previous haemoptysis appeared to have little bearing on the final outcome. Other authors have reported lifethreatening haemoptysis in 20% of patients with aspergilloma and suggest that these patients should be treated surgically." In our experience, however, this is seldom feasible because most patients with aspergilloma have severely damaged lungs and poor pulmonary function.
A more disturbing complication is that of invasive pulmonary aspergillosis (fig 
